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© A color cathode ray tube. 

© In the bulb of a color cathode ray tube, a flat 
glass pane! having a substantially uniform thickness 
is used. The flat glass panel has a glass wall which 
extends in a substantially vertical direction from the 
flat glass panel. The glass wall adheres to a funnel, 
which includes a neck portion in which an electron 
gun is disposed, by means of a glass adhesive so as 
to form the bulb. A. shadow mask on which a number 
of apertures are formed is fixed to a frame with an 
appropriate tensile stress and the frame is mounted 
on the glass wall. The shadow mask is disposed at a 
position close to the phosphor screen formed on the 
inner surface of the flat glass panel, facing thereto. 
On the outer surface of the flat glass panel, a resin 
film comprising at least one layer is attached by 
means of an adhesive. The resin film has appro- 
priate mechanical, optical and electrical properties 
with which the flat glass panel should have. Thus, 
various properties of the flat glass panel can be 
controlled. As a result, it makes it possible to provide 
a high-performance color cathode ray tube using a 



thin flat glass panel which has a sufficiently large 
mechanical strength and desirable optical character- 
istics, capable of displaying images with high resolu- 
tion and high color tone without distortion over the 
entire front surface. 



Fig.1 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a color cath- 
ode ray tube used for home television sets, com- 
puter monitors, and the like. 

2. Description of the Related Art: 

A color cathode ray tube (hereinafter referred 
to as a color CRT) has been broadly used for a 
variety of home and industrial apparatuses includ- 
ing television sets and computer monitors. An en- 
hanced quality of images is always requested for 
such a color CRT. Especially, in recent years, there 
has been a strong need to realize a color CRT 
capable of producing images with high resolution 
and high color tone without distortion over the 
entire front surface of the color CRT. 

Conventionally, a color CRT includes a glass 
bulb (hereinafter referred to as a bulb). The bulb 
has a curved panel made of glass (hereinafter 
referred to as a curved panel) and a phosphor 
screen is formed on the inner surface of the curved 
panel for emitting three colors, i.e., red, green, and 
blue. The bulb also includes a funnel which is 
attached to the curved panel by means of a glass 
adhesive so as to form the bulb. The inside of the 
bulb is in a high vacuum condition. 

A curved shadow mask with a thickness of 0.1 
to 0.3 mm having a number of apertures formed 
therethrough is disposed at a position close to the 
inner surface of the curved panel, facing thereto. 
The shadow mask is secured to a metal frame 
disposed inside the bulb so as to follow the curved 
profile of the inner surface of the curved panel. 

The funnel includes a neck portion in the rear 
thereof where an electron gun is disposed for emit- 
ting electron beams. The electron beams emitted 
from the electron gun pass through the apertures 
of the shadow mask to reach the phosphor screen 
on the inner surface of the curved panel, allowing 
the phosphor screen to emit light. 

If the distance between the shadow mask and 
the phosphor screen changes, the color tone of 
images produced on the phosphor screen also 
changes, resulting in a deterioration of the quality 
of the images. Accordingly, in order to obtain sta- 
ble operating properties of the color CRT, the dis- 
tance between the shadow mask and the phosphor 
screen should be kept constant irrespective of any 
change in the environmental conditions. However, 
in the above conventional color CRT where both 
the shadow mask and the phosphor screen are 
curved, it is difficult to precisely control the dis- 
tance between two curved surfaces. 



In general, only approximately 20% of the total 
emittion of electron beams output from the electron 
gun are actually incident to the phosphor screen. 
The remaining electron beams are absorbed by the 

5 shadow mask, causing an increase in the tempera- 
ture of the shadow mask and thus an expansion 
thereof. In the conventional color CRT where the 
shadow mask is curved along the curved profile of 
the inner surface of the curved panel, the shadow 

10 mask becomes deformed due to the thermal ex- 
pansion so that it becomes closer to the inner 
surface of the curved panel, in other words, the 
phosphor screen formed thereon. As a result, the 
resultant images produced on the screen become 

15 deteriorated because of the expansion. 

In order to obtain images with high resolution 
and high color tone, the shadow mask should be 
thin, and the pitch of the apertures formed in the 
shadow mask should be small. In the conventional 

20 color CRT having a curved profile, it is difficult to 
reduce the thickness of the shadow mask beyond a 
certain level because below such a level, a suffi- 
ciently large mechanical strength will not be ob- 
tained. 

25 Further, in general, the pitch of the apertures 

formed on the shadow mask should be twice the 
diameter of the apertures so as to avoid mis- 
landing the electron beams on the phosphor 
screen. Also, in order to secure the process accu- 

30 racy, the minimum diameter of the apertures 
should be at least four-fifths of the thickness of the 
shadow mask. Under these limitations, it is difficult 
with the conventional curved shadow mask to de- 
crease the pitch of the apertures to 0.2 mm or less 

35 so as to obtain images with high resolution and 
high color tone. 

In order to overcome the above mentioned 
problems, a flat panel made of glass (hereinafter 
referred to as the flat panel) may be used instead 

40 of the curved panel. However, such a conventional 
panel has the following disadvantages. 

The flat panel requires to be thick enough to 
resist a significantly large pressure difference be- 
tween the inside and the outside of the bulb caus- 

45 ed by the high vacuum so as to prevent the bulb 
from breaking. As the flat panel becomes thicker, 
the distortion of the images produced on the phos- 
phor screen becomes greater due to the deflection 
of light through the glass. In some cases, only the 

so outer surface of the conventional panel is made 
flat, although the inner surface of the conventional 
flat panel remains curved. This brings a non-uni- 
form thickness of the flat panel and consequent 
difference of intensity of the transmitting light be- 

55 tween the center portion of the flat panel and the 
peripheral portion thereof, resulting in a non-uni- 
form luminance distribution of the images. Besides 
the above optical disadvantages, such a thick flat 
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panel is disadvantageous in that the resultant color 
CRT becomes heavier. 

As described above, the conventional flat panel 
fails in realizing a color CRT with high performance 
which can completely replace the aforementioned 
conventional color CRT having the curved panel. 

SUMMARY OF THE INVENTION 

The color cathode ray tube of this invention 
comprises: a bulb having a flat glass panel; and a 
flat shadow mask provided inside the bulb, the flat 
shadow mask facing the flat glass panel, wherein a 
resin film comprising at least one layer is attached 
to the outer surface of the flat glass panel. 

Preferably, the flat glass panel further com- 
prises a glass wall formed integrally as a part of 
the flat glass panel, .the glass wall extending in a 
substantially vertical direction from the flat glass 
panel. 

In one embodiment, the color cathode ray tube 
of this invention further comprises a frame attached 
to the glass wall inside the bulb, the frame support- 
ing the flat shadow mask. Preferably, the frame 
gives the shadow mask tensile stress at least at 
room temperature. The frame may be attached so 
as to be capable of being repeatedly removed and 
mounted from/to the glass wall. 

In another embodiment, the thickness of the 
flat shadow mask is set in a range of 0.01 mm to 
0.2 mm. 

In still another embodiment, the flat glass panel 
has a predetermined thickness which is substan- 
tially uniform. Preferably, the predetermined thick- 
ness of the flat glass panel is in a range from 5 
mm to 20 mm. 

In still another embodiment, at least one layer 
of the resin film functions as a conductive layer 
which has a sufficient level of electrical conductivity 
so as to prevent the flat glass panel from being 
electrified. Preferably, the conductive layer has an 
electrical conductivity which is in a range from 
1x10 -6 S/cm to 1 S/cm. 

In still another embodiment, at least one layer 
of the resin film is diffused with additives so as to 
control light transmittance of the flat glass panel 
and the resin film. Preferably, a light transmittance 
of the resin film is adjusted so that the light trans- 
mittance of the flat glass panel and the resin film 
as a whole is in a range from 40% to 90%. 

In still another embodiment, at least one layer 
of the resin film is a non-reflection layer for pre- 
venting the reflection of light incident from the 
outside of the bulb. Alternatively, on a surface of 
the resin film, convex and concave portions may 
be formed so as to prevent the reflection of light 
incident from the outside of the bulb. Preferably, a 
light reflectance of the surface of the resin film is 



set to be in a range from 1% to 95%. 

In still another embodiment, a surface of the 
resin film is reformed so as to increase a hardness 
of the surface of the resin film. Alternatively, on a 
s surface of the resin film, a high-hardness film hav- 
ing a higher hardness than that of other portions of 
the resin film may be formed so as to increase a 
hardness of the surface of the resin film. Prefer- 
ably, the hardness of the surface of the resin film is 

w set to be in a range from H to 9H in pencil 
hardness. „ 

In still another embodiment, the color cathode 
ray tube of this invention further comprises a re- 
inforcing band surrounding the circumference of 

75 the glass wall of the bulb. 

In still another embodiment, at least one layer 
of the resin film is made of a material selected 
from a group consisting of polyethylene, polyethyl- 
ene terephthalate, polystyrene and polyester. 

20 In still another embodiment, the resin film com- 

prises: a resin sheet in which additives are dif- 
fused; a non-reflection film formed on a surface of 
the resin sheet so as to prevent the reflection of 
light incident from the outside of the bulb; and a 

25 conductive film formed on the other surface of the 
resin sheet, the conductive film having a sufficient 
level of an electrical conductivity so as to prevent 
the flat glass panel from being electrified, and 
wherein the resin film is attached to the flat glass 

30 panel by an adhesive applied on the conductive 
film. 

In still another embodiment, the resin film com- 
prises: a resin sheet in which additives are dif- 
fused; a high-hardness film having a higher hard- 

35 ness than that of the resin sheet, the high-hardness 
film formed on a surface of the resin sheet so as to 
increase a hardness of the surface of the resin 
sheet, the high-hardness film having convex and 
concave portions formed on a surface thereof so as 

40 to prevent the reflection of light incident from the 
outside of the bulb; and a conductive film formed 
on the other surface of the resin sheet, the conduc- 
tive film having a sufficient level of an electrical 
conductivity so as to prevent the flat glass panel 

45 from being electrified, and wherein the resin film is 
attached to the flat glass panel by an adhesive 
applied on the conductive film. 

Thus, the invention described herein makes 
possible the advantages of (1) providing a color 

so CRT using a thin flat glass panel having a suffi- 
ciently strong mechanical strength and desirable 
optical characteristics, (2) providing a color CRT 
with high performance capable of displaying im- 
ages with high resolution and high color tone with- 

55 out distortion over the entire front surface, and (3) 
providing a color CRT capable of easily adjusting 
to the various characteristics of a glass panel. 
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These and other advantages of the present 
invention will become apparent to those skilled in 
the art upon reading and understanding the follow- 
ing detailed description with reference to the ac- 
companying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of a 
color CRT according to the present invention. 

Figure 2 is a schematic perspective view of a 
frame and a shadow mask used for the color CRT 
according to the present invention. 

Figure 3 is a front view of the color CRT 
according to the present invention, showing the 
attachment of a resin film to the surface of a flat 
panel. 

Figure 4 is a schematic sectional view of a 
multilayer resin film according to the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The present invention will be described by way 
of example with reference to the attached drawings 
as follows. 

Figure 1 schematically shows a section of a 
color CRT according to the present invention. Re- 
ferring to Figure 1, the color CRT includes a bulb 
11 having a flat panel 3 made of glass with a 
substantially uniform thickness. The bulb 11 also 
has a funnel 1 including a neck portion 2 in the 
rear thereof. An electron gun (not shown) is dis- 
posed in the neck portion 2. 

A glass wall 9 is formed integrally as a part of 
the flat panel 3 around the periphery thereof. The 
glass wall 9 extends substantially vertically from 
the flat panel 3 and is fastened to the funnel 1 by 
means of a glass adhesive 4. Thus, the structure of 
the bulb 11 having the flat panel 3 and the funnel 1 
connected with each other is completed. 

The glass wall 9 contributes to improving the 
strength of the bulb 11. More specifically, without 
the glass wall 9, a large amount of stress will be 
produced at or near the connecting portion be- 
tween the flat panel 3 and the funnel 1 when a 
force toward the left as seen in Figure 1 is applied 
to the flat panel 3. This may results in breaks of 
the bulb 11 (especially at the end of the funnel 1). 
The glass wall 9 of this example absorbs stress, 
preventing the occurrence of such breaks. The 
strength of the bulb 11 is further improved by 
disposing a reinforcing metallic band 10 around the 
circumference of the glass wall 9. 

The angle between the glass wall 9 and the flat 
panel 3 is not necessarily strictly 90 • . The shape, 
the size, and other requirements of the glass wall 9 



may be arbitrarily determined insofar as the bulb 
11 has the necessary strength. 

A frame 6 is secured to the inner surface of the 
glass wall 9 through a mask spring 12. A flat 
5 shadow mask 5 is supported by the frame 6 so as 
to stand straight along the flat panel 3. Figure 2 
schematically shows the frame 6 and the shadow 
mask 5. The shadow mask 5, only part of which is 
shown in Figure 2, is fixed to the frame 6 by any 

70 appropriate method such as a resistance welding 
method or a laser welding method. The use of the 
mask spring 12 for securing the frame 6 to the 
glass wall 9 makes it easy to repeat the remov- 
al/mounting of the frame 6 and the shadow mask 5 

75 from/to the glass wall 9. 

In this example, the frame 6 tightly supports 
the shadow mask 5 so as to give the shadow mask 
5 a large tensile stress. Being given a large tensile 
stress during the manufacturing process, the shad- 

20 ow mask 5 is then free from deformation due to 
thermal expansion even when it is heated. 

In general, the shadow mask 5 is heated up to 
approximately 1 00 9 C by absorbing electron beams 
radiated from the electron gun. The tensile stress 

25 to be given to the shadow mask 5 is appropriately 
determined so that the shadow mask 5 will not be 
deformed at such a high temperature. In practice, 
the tensile stress is preferably in the range of 5 to 
50 kg/mm 2 . In this example, it was set to approxi- 

30 mately 10 kg/mm 2 . 

The shadow mask 5 in the present invention 
can be tightened as described above, because it is 
flat in shape. Obviously, a curved shadow mask as 
in the prior art cannot be given such tensile stress 

35 without changing the designed curved shape. 

A phosphor screen 7 is formed on the inner 
surface of the flat panel 3 for color display. The flat 
shadow mask 5 faces the inner surface of the flat 
panel 3 substantially in parallel therewith. In order 

40 to prevent deterioration of images due to a change 
in the color tone, the distance between the shadow 
mask 5 and the flat panel 3 (precisely, the phos- 
phor screen 7) is preferably adjusted to a value in 
the range of approximately 5 to 30 mm. In this 

45 example, the distance between the shadow mask 5 
and the flat panel 3 is approximately 10 mm, which 
will not change due to thermal expansion of the 
shadow mask 5. 

The phosphor screen 7 is typically formed by 

so the following process. A phosphor material is ap- 
plied to the inner surface of the flat panel 3, and 
then irradiated with light through the shadow mask 
5 so as to form a desired pattern on the phosphor 
material. Then, portions of the phosphor material 

55 are removed by developing, fixing and washing 
steps so as to obtain the phosphor screen 7 having 
the desired pattern. 
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In order to effectively conduct the formation of 
the phosphor screen 7, it is desirable to remove 
the shadow mask 5, which is fixed in the pattern 
formation step, in the developing, fixing and wash- 
ing steps. As described earlier, according to the 
present invention, the frame 6 and the shadow 
mask 5 can be easily removed from the glass wall 
9 and mounted again thereto. This improves the 
efficiency in the formation of the phosphor screen 
7. 

Furthermore, since the shadow mask 5 is flat in 
shape, the thickness of the shadow mask 5 can be 
reduced. As a result, the pitch of the apertures 
formed on the shadow mask 5 can also be re- 
duced, making it possible to obtain images with 
high resolution. In consideration of the above, the 
thickness of the shadow mask 5 is preferably in the 
range of 0.01 to 0.2 mm. In this example, it was set 
to 0.02 mm. As a result, the pitch of the apertures 
was set to 0.25 mm and the diameter of the ap- 
ertures 0.1 mm. 

The flat panel 3, or at least a portion thereof 
where the phosphor screen 7 is formed on the 
inner surface, has a substantially uniform thickness, 
so that there is no difference between the intensity 
of the transmitting light in the center portion of the 
flat panel 3 and that obtained in the peripheral 
portion thereof. As a result, neither distortion nor 
non-uniform luminance distribution is produced 
over the image formed on the phosphor screen 7 
when observed from the outside. In order to obtain 
high-quality images, the thickness of the flat panel 
3 is preferably in the range of 5 to 20 mm. In this 
example, it was set to 10 mm. 

In this example, a resin film 8 is attached to the 
outer surface of the flat panel 3. Figure 3 is a front 
view of the flat panel 3 schematically showing the 
size and the shape of the resin film 8 attached 
thereto. As is evident from Figure 3, the resin film 
8 is so sized and shaped as to cover substantially 
the entire outer surface of the flat panel 3. 

Forming a resin film on the front surface of the 
bulb of a color CRT has been previously tried. 
However, the purpose of such a previous trial was 
to prevent glass from scattering with a possible 
break of the bulb. Since attaching a resin film to a 
curved panel is difficult, a technique for attaching a 
resin film to a curved panel has not been made for 
practical use. 

The resin film 8 of the present invention plays 
important roles as follows: 

(1) Increase in strength: 

The resin film 8 formed on the front surface of 
the bulb 11 can work, for example, as a shock 
absorber against a shock applied from the outside. 
Accordingly, the strength of the bulb 11 is substan- 



tially increased. This allows the flat panel 3 to be 
made thinner. With the thinner flat panel 3, the 
problems entailed by conventional thick flat panels 
such as the distortion of images, the non-uniformity 

5 in the luminance distribution due to the difference 
in the light transmittance, and the increase in 
weight of the resultant color CRT can be solved. As 
a result, with the resin film 8, a flat panel suffi- 
ciently satisfying the requirements for practical ap- 

w plication can be realized. Obviously, the resin film 
8 of this invention can also provide the conven- 
tional effect of preventing glass from scattering with 
a break of the bulb. 

75 (2) Improvement in scratch resistance and wear 
resistance: 

The surface of the resin film 8 tends to pro- 
duce microscopic damages by having dust thereon 

20 or being wiped with a cloth. Such damages caused 
by wearing and scratching can be reduced by 
hardening the surface of the resin film 8 by an 
appropriate surface treatment. By this hardening, 
the change in the optical characteristics due to the 

25 existence of microscopic damages on the surface 
of the flat panel 3 can be avoided, and thus the 
deterioration of images can be prevented. The aes- 
thetic effect of providing a surface without dam- 
ages can also be obtained. 

30 

(3) Prevention of reflection of light: 

Images produced on the phosphor screen 7 on 
the inner surface of the flat panel 3 may become 

35 less visible for the viewers when light incident to 
the flat panel 3 from the outside is reflected there- 
from. This reflection of the incident light can be 
minimized by forming minute concave and convex 
portions on the surface of the resin film 8, forming 

40 an additional film or conducting a surface reforming 
treatment on the surface of the resin film 8 for 
properly controlling the refractive index of the resin 
film 8. Thus, the visibility of the images can be 
improved. 

45 

(4) Prevention of electrification: 

During the operation of the color CRT, the 
phosphor screen 7 formed on the inner surface of 

50 the flat panel 3 is illuminated with the electron 
beams emitted from the electron gun. This may 
electrify the flat panel 3 typically to a level of 30 
kV. Such electrification can be avoided by provid- 
ing the resin film 8 with an appropriate electrical 

55 conductivity. By this measure, the user's uneasi- 
ness at the operation or an accident which may be 
caused by discharge from such an electrified flat 
panel 3 can be prevented. 



5 



9 EPO 



(5) Adjustment of light transmittance: 

The flat panel 3 should be transparent enough 
to permit images produced on the phosphor screen 
7 to be seen from the outside. However, in order to 
improve contrast of the image, the light transmit- 
tance of the flat panel 3 should be small. It is 
important therefore for the flat panel 3 to have an 
appropriate light transmittance. In a conventional 
color CRT without a resin film, the manufacturing 
conditions are controlled during the manufacturing 
process of the bulbs so as to obtain an appropriate 
light transmittance, typically in the range of 40 to 
90%. However, precise control of the light transmit- 
tance is impossible by this conventional method. 

According to the present invention, by using 
the resin film 8 with additives diffused therein to 
obtain an appropriate light transmittance, it is pos- 
sible to substantially and easily control the light 
transmittance of the flat panel 3. Furthermore, it is 
possible to easily adjust the light transmittance of 
the resin film 8 so as to compensate for deviation 
of the light transmittance of the flat panel 3 which 
may occur when the manufacturing conditions in 
the manufacturing process of the bulbs change. 
Thus, substantial deviation of the light transmit- 
tance can be minimized, and as a result the manu- 
facturing yield can be improved. 

(6) Combined effects: 

The flat panel 3 should preferably be given the 
above mentioned properties regardless of the for- 
mation of the resin film 8. However, in the case of 
a color CRT without the resin film 8, in order to 
obtain all of the desired properties, the manufactur- 
ing conditions must be intensely controlled in the 
manufacturing process of the bulbs 11. This control 
is extremely complicated and requires much labor. 
Similarly, using a single-layer resin film to realize 
all of the above properties is sometimes incon- 
venient because it tends to be difficult to adjust the 
composition of the resin and the conditions for 
forming the resin film. The above inconvenience 
can be solved by forming, as the resin film 8, a 
plurality of resin films or a resin film having a 
multilayer structure in which a plurality of layers 
having different properties are formed. In the resin 
film 8 having a multilayer structure (hereinafter 
referred to as a multilayer resin film), the layers, 
each of which has one of the above mentioned 
properties, are stacked so as to provide all of the 
above properties combined as a whole. 

Figure 4 schematically shows a section of a 
multilayer resin film 21 as described above. The 
multi-layer resin film 21 is attached to a glass plate 
20 of the flat panel 3 by means of an adhesive 22. 
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An acrylic pressure sensitive adhesive, for ex- 
ample, may be used as the adhesive 22. The 
"pressure sensitive adhesive" as used herein re- 
fers to an adhesive which spreads over a surface 
5 by viscous flow when a pressure is applied thereto 
and then sticks to the surface after the pressure is 
removed. The pressure sensitive adhesive has 
such an appropriate viscosity that it can be easily 
stuck to the surface with the application of a small 

10 pressure. By using such an pressure sensitive ad- 
hesive, the resin film can be effectively attached to 
the glass plate 20. It also has such an appropriate 
elasticity that it is durable to an outer force such as 
peeling and shifting. The acrylic pressure sensitive 

75 adhesive is especially excellent in durability and 
heat resistance. Moreover, this adhesive is so dura- 
ble for a long period of time that no undesired 
effect on the quality of the images is brought by 
the deterioration of the adhesive 22 even when the 

20 color CRT is used for a long time. 

The multilayer resin film 21 includes a resin 
sheet 24 as a core layer thereof. In this example 
shown in Figure 4, the resin sheet 24 is made of 
polyethylene terephthalate (PET) because it has 

25 excellent properties in transparency, mechanical 
strength, anti-light capability and heat resistance 
capability. Other materials which can satisfy the 
above requirement can also be used for the resin 
sheet 24. For example, a sheet made of polysty- 

30 rene, polyester or polyethylene can be used. 

As shown in Figure 4, the multilayer resin film 
21 also includes a conductive layer 23 as the 
innermost layer thereof. The conductive layer 23 in 
this example is formed by attaching conductive 

35 powdery tin dioxide (SnCk) to the resin sheet 24 by 
means of an adhesive made of silicon dioxide 
(Si0 2 ). In order to obtain a suitable effect for pre- 
venting electrification, the conductive layer 23 pref- 
erably has an electrical conductivity in the range 

40 from 1x1 0~ 6 to 1 S/cm. The method for forming 
the conductive layer 23, the position of the conduc- 
tive layer 23, and the component material thereof 
are not limited to those described above, but oth- 
ers can be selected as far as the above level of 

45 electrical conductivity can be obtained. For exam- 
ple, the conductive film made of tin dioxide may be 
coated or deposited on the resin sheet 24. 

In order to prevent damages on the surface 
caused by scratching and wearing, it is preferable 

50 for the resin sheet 24 to have a surface hardness in 
the range of "H" to "9H" in pencil hardness. The 
pencil hardness is determined by a Kohinoor test in 
which a sample surface is scratched by a set of 
pencils having different hardness. More specifical- 

55 ly, the sample surface is scratched five times re- 
spectively with each of the pencils having a dif- 
ferent hardness. When the surface is damaged less 
than two out of five trials of scratching with the 



R 



11 



EP 0 626 717 A1 



12 



pencil having a specific hardness, the hardness of 
that pencil is considered as the pencil hardness of 
the sample surface. The details of pencil hardness 
is described in Japanese Industrial Standard (JIS) 
Nos.K5400and K5401. 5 

In order to obtain the pencil hardness in the 
above preferable range, a high-hardness film 25 is 
formed on the outer surface of the resin sheet 24. 
In this example, the high-hardness film 25 is 
formed as follows. A thin film made of a polymer w 
having a siloxane bonding, which resembles the 
molecular skeleton of glass, is formed on the sur- 
face of the resin sheet 24 by a silicone hardcoating 
method. This provides the surface with a glass-like 
nature and thus high hardness can be obtained. 75 
More specifically, a material containing an alkox- 
ysilane-group composition such as alkyltrialkox- 
ysilane, a material containing alkyltrialkoxysilane 
mixed with colloidal silica, or the material further 
containing a silane coupling agent is applied to the 20 
resin sheet 24. Then, the material is dried and 
heated to allow the alkoxysilane to be hydrolyzed 
and polymerized so as to form the high-hardness 
film 25. In this example, the hydrolysate of alkyl- 
trialkoxysilane mixed with colloidal silica was used 25 
in consideration of hardness and durability. 

By forming the high-hardness film 25 made of 
the above material, the hardness of the surface of 
the resin sheet 24 can be increased without lower- 
ing the light transmittance. As a result, damages on 30 
the surface caused by wearing and scratching can 
be prevented. 

In addition, the high-hardness film 25 of this 
example can also work as a non-reflection film by 
forming the appropriate concave and convex por- 35 
tions on the surface thereof. Accordingly, the re- 
flectance at the surface of the flat panel can be 
easily set to a value in a preferable range, so that 
images produced on the phosphor screen 7 are 
prevented from becoming less visible by being 40 
disturbed by light incident to the surface of the flat 
panel from the outside and reflected therefrom. 
The preferable range of the reflectance at the sur- 
face of the flat panel 3 is 1 to 95%. 

The methods for obtaining the above range of 45 
surface hardness and reflectance are not limited to 
the methods and materials described above, but 
other surface reforming methods are also possible. 
For example, the surface of the resin sheet 24 may 
be subjected to a surface reforming treatment for so 
increasing the surface hardness. Then, concave 
and convex portions may be formed on the treated 
surface so that a preferable reflectance can be 
obtained. Alternatively, the thickness of the high- 
hardness film having a hardness in the preferable 55 
range can be controlled so as to have an appro- 
priate value of the thickness for functioning as the 
non-reflection film. Also, it is possible for the mul- 



tilayer resin film to have a film which functions as 
the non-reflection film and another film which func- 
tions as the high-hardness film. 

In order to control the light transmittance of the 
multilayer resin film 21 so as to obtain an appro- 
priate light transmittance of the flat panel 3 as a 
whole, some additives may be diffused in the resin 
sheet 24. Thus, the scattering and/or absorbing 
effect of light by the additives can be utilized for 
the above purpose. The diffused condition of the 
additives can be properly adjusted so as to obtain 
a preferable light transmittance. The preferable 
light transmittance as the total of the multilayer 
resin film 21 and the flat panel 3 is in the range of 
40 to 90%, where the images produced on the 
phosphor screen 7 can be clearly seen from the 
outside with the improved contrast, but the inner 
structure of the bulb is not seen unnecessarily. 

In this example, a black dye is used as the 
additive. Specifically, Spirit Black (C.I. Name: Sol- 
vent Black 5), Threne Grey 3B (C.I.Name: Vat 
Black 16) and the like are used. 

The total thickness of the multilayer resin film 
21 having the above described structure is typically 
about 0.1 mm. The thicknesses of the respective 
layers can be set as follows: 0.01 mm for the 
adhesive 22; 0.01 mm for the conductive layer 23; 

0. 07 mm for the resin sheet 24; and 0.01 mm for 
the high-hardness film 25. 

Materials for the respective layers are not limit- 
ed to those described above, but any other suitable 
materials may be used insofar as the desired prop- 
erties can be obtained. In addition, the multilayer 
resin film 21 may include other films which bring 
other properties to the flat panel 3. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to 
the description as set forth herein, but rather that 
the claims be broadly construed. 

Claims 

1. A color cathode ray tube comprising: 

a bulb having a flat glass panel; and 

a flat shadow mask provided inside the 

bulb, the flat shadow mask facing the flat glass 

panel, 

wherein a resin film comprising at least 
one layer is attached to the outer surface of 
the flat glass panel. 

2. A color cathode ray tube according to claim 1 , 
wherein the flat glass panel further comprises 
a glass wall formed integrally as a part of the 
flat glass panel, the glass wall extending in a 
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substantially vertical direction from the flat 
glass panel. 

3. A color cathode ray tube according to claim 2, 
further comprising a frame attached to the 
glass wall inside the bulb, the frame supporting 
the flat shadow mask. 

4. A color cathode ray tube according to claim 3, 
wherein the frame gives the shadow mask ten- 
sile stress at least at room temperature. 

5. A color cathode ray tube according to claim 3, 
wherein the frame is attached so as to be 
capable of being repeatedly removed and 
mounted from/to the glass wall. 

6. A color cathode ray tube according to claim 1, 
wherein the thickness of the flat shadow mask 
is set in a range of 0.01 mm to 0.2 mm. 

7. A color cathode ray tube according to claim 1 , 
wherein the flat glass panel has a predeter- 
mined thickness which is substantially uniform. 

8. A color cathode ray tube according to claim 7, 
wherein the predetermined thickness of the flat 
glass panel is in a range from 5 mm to 20 mm. 

9. A color cathode ray tube according to claim 1, 
wherein at least one layer of the resin film 
functions as a conductive layer which has a 
sufficient level of electrical conductivity so as 
to prevent the flat glass panel from being elec- 
trified. 

10. A color cathode ray tube according to claim 9, 
wherein the conductive layer has an electrical 
conductivity which is in a range from 1x1 0~ G 
S/cm to 1 S/cm. 

11. A color cathode ray tube according to claim 1, 
wherein at least one layer of the resin film is 
diffused with additives so as to control light 
transmittance of the flat glass panel and the 
resin film. 

12. A color cathode ray tube according to claim 
11, wherein a light transmittance of the resin 
film is adjusted so that the light transmittance 
of the flat glass panel and the resin film as a 
whole is in a range from 40% to 90%. 

13. A color cathode ray tube according to claim 1, 
wherein at least one layer of the resin film is a 
non-reflection layer for preventing the reflec- 
tion of light incident from the outside of the 
bulb. 



14. A color cathode ray tube according to claim 
13, wherein a light reflectance of the surface of 
the resin film is set to be in a range from 1% 
to 95%. 

5 

15. A color cathode ray tube according to claim 1, 
wherein on a surface of the resin film, convex 
and concave portions are formed so as to 
prevent the reflection of light incident from the 

10 outside of the bulb. 

16. A color cathode ray tube according to claim 
15, wherein a light reflectance of the surface of 
the resin film is set to be in a range from 1% 

75 to 95%. 

17. A color cathode ray tube according to claim 1, 
wherein a surface of the resin film is reformed 
so as to increase a hardness of the surface of 

20 the resin film. 

18. A color cathode ray tube according to claim 
17, wherein the hardness of the surface of the 
resin film is set to be in a range from H to 9H 

25 in pencil hardness. 

19. A color cathode ray tube according to claim 1, 
wherein on a surface of the resin film, a high- 
hardness film having a higher hardness than 

30 that of other portions of the resin film is formed 

so as to increase a hardness of the surface of 
the resin film. 

20. A color cathode ray tube according to claim 
35 1 9, wherein the hardness of the surface of the 

resin film is set to be in a range from H to 9H 
in pencil hardness. 

21. A color cathode ray tube according to claim 2, 
40 further comprising a reinforcing band surround- 
ing the circumference of the glass wall of the 
bulb. 

22. A color cathode ray tube according to claim 1 , 
45 wherein at least one layer of the resin film is 

made of a material selected from a group 
consisting of polyethylene, polyethylene 
terephthalate, polystyrene and polyester. 

so 23. A color cathode ray tube according to claim 1, 
wherein the resin film comprises: 

a resin sheet in which additives are dif- 
fused; 

a non-reflection film formed on a surface 
55 of the resin sheet so as to prevent the reflec- 

tion of light incident from the outside of the 
bulb; and 

a conductive film formed on the other sur- 
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face of the resin sheet, the conductive film 
having a sufficient level of an electrical con- 
ductivity so as to prevent the flat glass panel 
from being electrified, 

and wherein the resin film is attached to 5 
the flat glass panel by an adhesive applied on 
the conductive film. 

24. A color cathode ray tube according to claim 1 , 

wherein the resin film comprises: 10 

a resin sheet in which additives are dif- 
fused; 

a high-hardness film having a higher hard- 
ness than that of the resin sheet, the high- 
hardness film formed on a surface of the resin 75 
sheet so as to increase a hardness of the 
surface of the resin sheet, the high-hardness 
film having convex and concave portions 
formed on a surface thereof so as to prevent 
the reflection of light incident from the outside 20 
of the bulb; and 

a conductive film formed on the other sur- 
face of the resin sheet, the conductive film 
having a sufficient level of an electrical con- 
ductivity so as to prevent the flat glass panel 25 
from being electrified, 

and wherein the resin film is attached to 
the flat glass panel by an adhesive applied on 
the conductive film. 
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